Purpose Obstructive sleep apnea syndrome (OSAS) is associated with alterations in immune system which may lead to serious complications. The aim of this study was to explore lymphocyte populations in OSAS with special attention to the Fas-positive cells. Methods Fifty-one patients with confirmed OSA and 20 healthy subjects were investigated. The OSA severity indices, data concerning comorbidities, and markers of inflammation and metabolic disorders were collected. Flow cytometry was used to analyze the lymphocyte profile and expression of Fas receptors (CD95). Concentration of adiponectin, IL-1β, TNF-α, and sFas were measured. Results Proportions of Fas-positive cells in the pool of CD4+ and Fas-positive in the pool of CD8+ cells in the blood of patients were significantly increased when compared with healthy subjects (74.5% vs. 65.6% and 78.8% vs.70.9%, respectively, p < 0.05). No correlation with OSA severity was found. However, the proportion and number of Fas+ cells were elevated in obese patients, in non-smokers, and in patients suffering from COPD and hypertension. There were several significant relations of Fas+ cells with inflammatory markers of systemic inflammation. Conclusion Lymphocytes with the expression of Fas receptor are associated with systemic inflammation in OSAS.
Introduction
Obstructive sleep apnea syndrome (OSAS) is a breathing disorder during sleep, which is known to be connected with obesity, metabolic syndrome, and the risk of cardiovascular complications and especially risk of arterial hypertension. OSAS and related complications are accompanied by systemic inflammation [1, 2] . We previously reported significant changes in the proportion of blood lymphocytes in OSA patients. The proportion of B cells, Th/Tc ratio, and adiponectin concentration were lower but, the proportion of Tc, NK, NKT-like, and HLA-DR positive T cells were elevated in OSAS patients when compared with healthy subjects and these changes correlated with metabolic complications [3] . In this study, we aimed to further evaluate blood lymphocyte characteristics by the analysis of the expression of Fas receptor on the main lymphocyte subtypes. Fas (CD95) is a death receptor and belongs to the tumor necrosis factor receptor (TNFR) superfamily. Recently, its role in the modulation of immune response was described and it was found that the role of Fas/ FasL pathway is wider than previously thought [4] [5] [6] . It was described, among others, that Fas/FasL signaling contributes to antigen-presenting cell activation, activation-induced cell death of T cells and thus to a maintenance of T cells homeostasis, Th17 differentiation, and precocious differentiation of memory T cells [4] [5] [6] . Therefore, the relationship of Faspositive cells with markers of systemic inflammation, metabolic complications, OSA severity, and inflammatory cytokine concentration was of interest to this study.
Material and methods
Fifty-one patients with confirmed OSAS were enrolled into the study. The diagnosis of OSAS was established in accordance with the American Academy of Sleep Medicine (AASM) and Polish Respiratory Society recommendations [7, 8] . A polysomnography test (PSG) was executed using the Alice 4 apparatus (RESPIRONICS, USA). The criteria of diagnosis were the apnea/hypopnea index (AHI) value over 5 and the Epworth Sleepiness Scale (ESS) over 10 points. The control group consisted of 20 healthy volunteers without any chronic disease. The study was approved by the Ethics Committee of the Medical University of Warsaw and all the participants gave informed consent. The venous blood samples were collected before breakfast, early in the morning. All the analyses were performed right after blood collection. We analyzed the proportions of the following lymphocyte subtypes: T cells, B cells, T helper (Th) and T cytotoxic cells (Tc), natural killer (NK), natural killer T cells (NKT-like), and T cells with HLA-DR expression by Simultest (BD, San Jose, California, US). Flow cytometry analysis was performed as previously described [3] . For the analysis of Fas receptor expression on T cells, the following cocktail of antibodies was used: CD4-FITC/CD8-PE/CD95-PE-Cy5. Briefly, anti-CD45-FITC and anti-CD14-PE were used for the lymphocyte gate setting at FSC/SSC graph (Fig. 1) . Negative isotype controls with IgG1-FITC/IgG2a-PE were applied. The analyses were performed using FACS Canto II flow cytometer (Becton-Dickinson, San Jose, California) and Diva software (BD). Ten thousand lymphocytes were collected. Geometric mean fluorescence (GMF) intensity of Fas staining on T cells was measured. The serum concentrations of adiponectin, soluble Fas, interleukin-1β (IL-1β), and tumor necrosis factor (TNF-α) were measured using commercially available ELISA kits: Human Total Adiponectin/Acrp30 Immunoassay kit, HS ELISA Human Fas/TNFRSF6, Human IL-1 beta/IL-1F2, Human TNFalpha Quantikine ELISA Kit (R&D System, USA), according to the prescription by the producer.
Statistical analysis
For data comparison, the Mann-Whitney U test was applied. A p value of less than 0.05 was regarded as significant. The relationships between the data were examined by the Spearman's rank correlation coefficient. Correlations with both r ≥ 0.3 and p < 0.05 were considered relevant.
Results
Of 51 patients with OSAS (35 men, 69%), mean age was 58 years (range 36-82); 33% were smokers with mean 15 pack-years. The control group of 20 subjects (8 men, 40%) had a mean age of 46 years (range 30-76) and normal BMI; 50% were smokers with mean 32 pack-years. For these characteristics, the control group did not differ significantly from the study group. The following OSAS indices characterized the patient group: mean BMI was 31.7 kg/m 2 and obesity was recognized in 52%; mean AHI was 53 ± 21, ODI was 31 ± 19, EES was 12.2 ± 5.3, and mean lowest peripheral capillary oxygen saturation (SpO 2 ) was 76 ± 9%. Severe OSAS was categorized in 86% of patients. The mean values of white blood cell count, concentration of hemoglobin, plasma glucose, total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), and C reactive protein (CRP) were within normal range. However, in 11% of the patients, the concentration of TG was higher than 200 mg/dL and in 49%, cholesterol > 200 mg/dL. In 52% of patients, features of metabolic syndrome were recognized. Distribution of patients in each group of OSAS complication score (defined according to [3] ) was as follows: score 0 (4), score 1 (14), score 2 (19), score 3 (7), score 4 (4), and score 5 (1). Hypertension was recognized in 72% and COPD in 7% of patients.
The gating strategy for the Fas expression analysis is shown in Fig. 1 . We present the proportion of Fas-positive cells as a percentage of all lymphocytes (Fas+CD4+ and Fas+CD8+ cells) as well as percentage of Fas-positive cells among all CD4+ cells (%Fas in CD4+) and among all CD8+ cells (%Fas in CD8+). As for the total cell counts, there were mean 464 ± 242 Fas+CD4+ cells/μL, and 494.4 ± 272 Fas+ CD8+ cells/μL of peripheral blood. We found significantly higher proportions of Fas-positive cells in the OSAS patients than in the control subjects (Table 1 ). In the OSAS patients, the expression of Fas (expressed as GMF) on CD4+ cells was 766.6 ± 312 and it significantly correlated with the Fas expression on CD8+ cells (r = 0.7, p < 0.05) which was 693.4 ± 271. The age and sex had no influence on Fas+ cells proportion (apart from weak correlation of proportion of Fas+CD8+ cells with age).
The median concentration of sFas was 1911.4 (1759.4-2053.4) pg/mL and did not differ when compared with that of the control group (2062.7 (1826.1-2090.1) pg/mL). No correlations of sFas concentration with clinical data, OSA severity, nor cell proportions were found. We did not find any correlations of IL-1 (0.3 (0.1-05) pg/mL) nor TNF-α (1.22 (0.7-13.9) pg/mL) concentration with patient data.
We analyzed the relationships between Fas-positive T cell percentage with (a) other immune cells and mediators, (b) OSA indices, (c) metabolic disorders, (d) comorbidities, and (e) smoking history. The results of this analysis are presented in Table 1 and Fig. 2 .
Discussion
There is a growing body of evidence that the nature of OSAS and systemic complications of this pathology are connected with immune system alterations. However, precise data on the nature of inflammation are still scanty. In our previous study, we observed significant changes in the populations of circulating inflammatory cells, i.e., lymphocytes B, cytotoxic T (Tc), NK, and NKT-like cells, and in the concentration of adiponectin in OSAS. Our recent investigation revealed an involvement of death receptor Fas in the inflammatory process of severe OSA. Here, we presented Fas-positive cells as proportion of lymphocytes, as proportion of lymphocyte subpopulations, as absolute number, and as cell surface expression of this receptor. It allowed us to assess objectively the expression of the Fas receptors among T cells. Our study group consisted of patients with severe OSAS and our findings might reflect adaptive processes of the immune system. The negative correlation of oxygen saturation with Fas expression seems to confirm this hypothesis. Recently obtained data showing the pivotal role of the Fas/FasL signaling pathway in maintaining the homeostasis of immune system [6] supports the value of our study.
Our current findings on the Fas expression are especially marked in the CD8+ cell population. Dyugovskaya et al. showed that CD8+ cells form the most affected population in OSAS [9] . Tan et al. found a high proportion of CD8+ cells and a low proportion of CD4+ cells according to the AHI in children suffering from OSAS [10] . CD8+ cells constitute the T cell subpopulation which contributes to the formation of atherosclerotic lesions [11] . We previously reported an elevated proportion of lymphocytes with Fas expression in patients with lung cancer and in COPD [12, 13] . In the current study, the proportion of Fas-positive cells was much higher in OSA/ COPD overlap syndrome which is in line with the hypothesized role of CD8+ cells in COPD pathogenesis. In our previous studies, tobacco smoking was investigated as a factor capable of affecting the immune system. In fact, the proportion of Fas-positive lymphocytes was highly correlated with the intensity of tobacco exposure [12, 13] . Unexpectedly, we found an opposite result in the present study. However, as we found previously, the influence of smoking was striking when smoking history exceeded 20 pack-years [our unpublished data]. Of note, in this current study subjects with short exposure to tobacco smoke were included.
We carefully analyzed the relationship of Fas-positive cell populations with clinical and laboratory parameters. Interestingly, we did not observe any relation of Fas receptor expression with OSAS indices apart from SpO 2 . As in our previous report, a much stronger influence of metabolic and cardiovascular complications on immune cells was observed in this study. This relationship has also been reported by many other authors [14] .
The correlation of Fas-positive cells with other inflammatory markers was of interest. Previously, we observed an elevated proportion of NK cells and NKT-like cells in OSAS patients. NKT cells form a complex population which was found to be an important link in immune regulation [15, 16] . In our study, these two populations show [17] . Previously, we confirmed the significance of adiponectin in the inflammatory process in OSAS as well as its complications. Adiponectin concentration to BMI ratio (A/BMI) correlated with the OSA complication score: the lower A/BMI index, the higher the risk of cardiovascular and metabolic complications of OSAS [3] . This study presents an important finding: Fas-positive cells and the concentration of soluble Fas were accompanied by a low value of A/BMI ratio. It shows the direction of immune response in OSAS, independent of metabolic disorders. We found a negative correlation of Fas-positive lymphocytes with neutrophils and platelets. The data concerning the value of neutrophil/lymphocyte and platelet/lymphocyte ratio in OSA in prediction of cardiovascular complications are conflicting and seem to be speculative [18] [19] [20] . Dyugovskaya et al. described prolonged survival of neutrophils in hypoxic conditions by inhibition of apoptosis [21] . Taken together, the associations of hypoxia and apoptotic pathways in OSAS need careful investigation. The major weakness of our study was that we did not perform functional analysis of Fas-positive lymphocytes. In conclusion, we present for the first time the association of Faspositive lymphocytes with the systemic inflammation of OSAS. 
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